Introduction {#sec1-1}
============

Metabolic syndrome or syndrome X is a multifactorial disease which is related to several factors such as genetic, physiological, and environmental factors. In the last decade, obesity, diabetes, and metabolic syndrome have attracted much attention.\[[@ref1]\] On the other hand, this syndrome has increased risk of cardiovascular risk factors, including hypertension, dyslipidemia, and obesity.\[[@ref2]\] According to recent studies, prevalence of metabolic syndrome is 20%--25% in the world. Important factors in the development of this disorder are high carbohydrate and high-fat diet.\[[@ref3]\]

In addition, metabolic syndrome induces oxidative stress, and in its own turn, it increases free radicals, namely, reactive oxygen species lead to cellular dysfunctioning and imbalances in antioxidant activities. Therefore, the resulted imbalance is another side effect of metabolic syndrome which may have probable effects on pain degree.\[[@ref4]\] According to the existing studies, oxidative stress plays some important roles in the happening of different disease.\[[@ref5]\]

Fructose is a simple monosaccharide, and today, it is used widely as a sweetener in various types of foods.\[[@ref6]\] Consumption of this type of sugar enhances about 16% from 1986 to 2007.\[[@ref7]\] This increase is closely related to the prevalence of obesity and metabolic syndrome.\[[@ref8]\]

Eugenol is an aromatic molecule found in clove (Eugenia aromatic), bay leaves, and all spices.\[[@ref9][@ref10][@ref11]\] It has been used for painkilling and its sedative effects among its other applications.\[[@ref12]\] For example, in dentistry, it is widely used for its analgesic and anti-inflammatory qualities.\[[@ref13][@ref14]\] On the other hand, eugenol has antioxidant\[[@ref13]\] and antiseptic properties.\[[@ref13][@ref15]\] Antinociception actions of eugenol is not clearly specified, but it can act as a nonspecific counterirritant which may inhibit sensory nerve activity and lead to an inhibitory action on prostacyclin production.\[[@ref16][@ref17]\] In the nervous system, it is a neuroprotective against excitotoxicity, ischemia, amyloid-peptide\[[@ref18]\] and modifying neuronal and vascular dysfunctions in diabetes model.\[[@ref19]\] Although the abilities of analgesic eugenol are evident, the mechanisms of this effects remain unclear.\[[@ref20]\]

Regarding the role of metabolic syndrome in the induction of stress oxidative and based on the antioxidant properties of eugenol, the aim of this study is to examine the effects of eugenol on pain response to formalin test and plasma antioxidant activity in high fructose drinking water among male rats.

Methods {#sec1-2}
=======

Animals and diets {#sec2-1}
-----------------

Thirty eight male Wistar rats weighing 197.4 ± 7.2 g were the subjects of this study. These rats were used from the Animal Centre of Zahedan University of Medical Sciences, Zahedan, Iran. They were housed at a temperature of 23°C--25°C with free access to water and rat chow. The rats were acclimatized to their diet for at least 1 week before the experiment. The experimental procedure was approved by the Zahedan University Medical Sciences Ethics Committee before the experiment.

Experimental protocol {#sec2-2}
---------------------

The rats were randomly assigned to five groups for 8 weeks. The first group (*n* = 7) received tap water (control group), the second group (Fr + vehicle) (*n* = 9) received fructose 10% plus tween 0.5%.\[[@ref21]\] The third group obtained (*n* = 7) fructose 10%. The fourth group obtained (*n* = 7) fructose 10% plus a single dose of eugenol 100 mg/kg.\[[@ref22]\] Similarly, the fifth group (*n* = 8) got fructose 10% plus a continuous dose of eugenol 20 mg/kg/day for the last 10 days of the experiment.\[[@ref23]\]

Preparation of fructose drinking water {#sec2-3}
--------------------------------------

The used fructose was D-fructose \>99% (Syarikat System, Malaysia). The fresh fructose drinking water was daily prepared according to the weight/volume formula.\[[@ref24]\] To prepare fructose 10% drinking water, 10 g of fructose was diluted in 100 ml of tap water.\[[@ref24]\]

Formalin test in rats {#sec2-4}
---------------------

Fifteen minutes after drug administration, 5-μl formalin 5% was injected subcutaneously under the plantar surface of the left hind paw. Then, the animals were placed in an acrylic observation chamber for 1 h. Next, the time spent licking, shaking, and biting the injected paw was measured with a chronometer. The duration of these activities was considered as response to nociception. The first phase of the nociceptive response is normally considered between 0 and 5 min, and the second phase 20--40 min after formalin injection.\[[@ref25]\]

Blood biochemistry {#sec2-5}
------------------

Blood samples were taken from the heart of each animal in anesthetized rats. The rats were fasted overnight and supplemented with only tap water. The serum samples were sent to laboratory for analysis of glucose, insulin, nitrite, malondialdehyde (MDA), superoxide dismutase (SOD), and total antioxidant capacity (TAC).

The level of serum glucose was determined using quantitative diagnostic kits (Pars Azmoon, Iran). The level of insulin was measured using Mercodia Rat Insulin ELISA (Mercodia AB, Sylveniusgatan 8A, SE-754 Uppsala, Sweden). Mercodia Rat insulin ELISA is a solid two-phase immunoassay. It is based on the direct sandwich technique, in which two monoclonal antibodies are directed against separate antigenic determinants on the insulin molecule. The level of nitrite in serum (stable nitric oxide metabolite) was measured using a colorimetric assay kit (ZelBio, Germany) that involves the Griess reaction. MDA levels of serum was quantified according to the manual methodology.\[[@ref26][@ref27]\] Following the measurements, SOD activity and TAC in serum was measured using a colorimetric assay kit (ZelBio, Germany). In addition, for calculation of insulin resistance (IR), we measured the homeostatic model assessment (HOMA) index using the formula provided by Matthews *et al.*\[[@ref11]\] Insulin (U/m) × (glucose \[mmol/l\]/22.5).

Drugs {#sec2-6}
-----

Eugenol and tween 80 were purchased from Sigma St. Louis, MO, USA. Eugenol was dissolved in 0.5% Tween 80 in saline.\[[@ref21]\]

Statistical analysis {#sec2-7}
--------------------

Data are expressed as mean ± standard error of the mean. The levels of glucose, insulin, nitrite, MDA, SOD, TAC, and HOMA index were analyzed by one-way analysis of variance followed by the Dunnett test. *P* \< 0.05 were considered statistically significant, using SPSS version 16 for the data analysis (Chicago, IL, USA).

Results {#sec1-3}
=======

The effect of eugenol on acute and chronic pain {#sec2-8}
-----------------------------------------------

Evaluation of acute and chronic pain in formalin test showed that fructose administration did not change the level of pain response after 8 weeks in comparison with control group. However, treatment with single and continuous doses of eugenol could significantly decrease response to the pain in the first and second phases of formalin test in comparison with other groups, (*P* \< 0.05); but there are not significant differences between Fr + EoS and Fr + EoC in acute pain, and chronic pain. The results suggested the noticeable role of eugenol on pain relieving \[[Figure 1](#F1){ref-type="fig"}\].

![Acute pain (a) chronic pain (b). \*indicates significant difference between Fr+EoS from Fr group, \$ indicates significant difference between Fr+EoC from Fr group. Fr, veh, EoS and EoC stand for Fructose, vehicle, single dose of eugenol and Continuous dose of eugenol, respectively](IJPVM-10-151-g001){#F1}

The effect of eugenol on body weight, plasma glucose, insulin, and homeostatic model assessment index (HOMA Index) {#sec2-9}
------------------------------------------------------------------------------------------------------------------

The effects of fructose on body weight showed an increase in body weight after 8 weeks. Significant differences were observed between all fructose-received groups and the control group (*P* \< 0.05). Meanwhile, single and continuous doses of eugenol have no effect on body weight \[[Table 1](#T1){ref-type="table"}\].

###### 

The effect of eugenol on body weight, plasma glucose, insulin and homa index (mean±sem)

  Group     ∆Body weight (g)   Glucose (mg/dl)    Insulin (µg/l)   HOMA index
  --------- ------------------ ------------------ ---------------- ---------------
  Control   106.2±4.62\*       108.3±6.00         0.015±0.00       0.14±0.00
  Fr +veh   138.75±5.2         242±34.43          0.55±0.12        5.33±0.01
  Fr        156.23±11.33       227.75±18.74\*\*   0.70±0.02\*\*    6.97±0.32\*\*
  Fr+EoS    149.12±9.22        270.5±13.76        0.30±0.02        5.55±0.5
  Fr+EoC    145.45±5.62        162.25±21.37^\$^   0.06±0.04\$      0.13±0.01\$

^\*^Indicates significant difference between control group with other groups (*P*\<0.05). ^\*\*^Indicates significant difference from control group (*P* \< 0.05), ^\$^indicates significant difference from Fr group (*P*\<0.05). Fr, veh, EoS, EoC and HOMA Index stand for Fructose, vehicle, single dose of eugenol, Continuous doses of eugenol and Homeostatic model assessment index respectively

The measurement of plasma glucose levels suggested that the administration of fructose increased plasma glucose that showing a meaningful difference with the control group (*P* \< 0.05). Here, it is worth mentioning that the treatment with a single dose of eugenol did not bring about any effect on plasma glucose. During the use of continuous doses of eugenol, blood glucose decreased and reached the same level of the control group at 0.037 level of significance \[[Table 1](#T1){ref-type="table"}\]. HOMA index was evaluated to investigate IR. The results showed that, in the presence of fructose, HOMA index increased at a significant level (*P* \< 0.05), in comparison with the control group. On the contrary, in the presence of eugenol in the form of single dose, this index was not significantly affected. However, treatment with continuous doses of eugenol significantly decreased HOMA index (*P* \< 0.05). Therefore, it did not show any significant differences with the control group \[[Table 1](#T1){ref-type="table"}\].

In this study, the measurement of insulin in the experimental groups suggested that the use of fructose for 8 weeks could increase insulin level in comparison with control group (*P* \< 0.05). Similarly, the continuous dose of eugenol in comparison with Fr group could significantly decrease the insulin level at the statistically significant level of *P* \< 0.05 \[[Table 1](#T1){ref-type="table"}\].

The effect of eugenol on serum malondialdehyde and nitrite level, superoxide dismutase activity, total antioxidant capacity {#sec2-10}
---------------------------------------------------------------------------------------------------------------------------

According to the data, 8 weeks after fructose administration, MDA level increased in fructose group in comparison with control group. Meanwhile, it is noteworthy that continuous dose of eugenol could decrease MDA level, but it did that show significant differences with the fructose groups. The analysis of nitrite level did not show any significant differences between the groups. The administration of fructose for 8 weeks and its subsequent treatment with eugenol did not cause any effects on serum levels of nitrite \[[Figure 2](#F2){ref-type="fig"}\].

![Serum level of MDA (a) and Nitrite (b). \*\*indicates significant difference from control group, ^\$^indicates significant difference from Fr group. Fr, veh, EoS and EoC stand for Fructose, vehicle, single dose of eugenol and Continuous dose of eugenol respectively. MDA stands for Malondialdehyde](IJPVM-10-151-g002){#F2}

Considering the activity of serum SOD showed that its activity after fructose administration did not change. Similarly, there is no significant difference between groups \[[Figure 3](#F3){ref-type="fig"}\]. Furthermore, TAC study showed that fructose had no effect on TAC level, but the treatment of rats with continuous does of eugenol could increase its level showing a significant difference with Fr group \[[Figure 3](#F3){ref-type="fig"}\].

![Serum SOD activity (a) and TAC level (b). ^\$^indicates significant difference from Fr group Fr. veh, EoS and EoC stand for Fructose, vehicle, single dose of eugenol and Continuous dose of eugenol respectively. SOD and TAC stand for Superoxide dismutase and Total Antioxidant Capacity, respectively](IJPVM-10-151-g003){#F3}

Discussion {#sec1-4}
==========

Two most important results of this study are as follows: First, single and continuous eugenol applications were found to be significantly effective in relieving pain. Second, treatment with continuous doses of eugenol decreased plasma glucose leading to improved IR and antioxidant levels.

Consistent with the results of this study, Park *et al.* reported that different doses of eugenol decreased acetic-acid-induced writhing, but the best response is related to the dosage of 10 mg/kg eugenol. In addition, eugenol decreases response to pain in the first and second phases of formalin test. In this study, the remarkable point is that eugenol 10 mg/kg has no effect on the first phase of formalin test, but in the second phase, it causes 75% decrease in response to the pain. Findings of this study are perfectly consistent with above-mentioned previous findings. Furthermore, they have shown that blocking opioid and α-2 adrenergic receptors can inhibit the effect of eugenol. Thus, it can be concluded that these receptors can mediate the effect of eugenol on the pain response.\[[@ref28]\]

Another study, confirming our results, reported that 30--300 mg/kg eugenol caused decreased acetic-acid-induced abdominal constriction in mice. Furthermore, applying 0.3--100 mg/kg eugenol decreased response to glutamate pain. On the other hand, injecting intraspinal eugenol, after 30 min, could cause long inhibition in pain response to glutamate, α-amino-3-hydroxy-5-methyl-4-isoxazolepro pionic acid, kinate, and substance *P* but had no effect on pain caused by N-methyl-D-aspartate and Trans-ACPD.\[[@ref22]\] Other studies in this field have shown that eugenol can cause long blocking biting response, induced due to TNF-α intraspinal usage.\[[@ref22]\] It is noteworthy that the administration of naloxone nonselective antagonist opioids, 20 min before eugenol treatment, can neutralize the effect of eugenol on pain response.\[[@ref22][@ref28]\] This is in agreement with our results. In this regard, Guénette *et al.* suggested that eugenol can relieve neuropathic pain.\[[@ref29]\]

Pain behavior related to the first phase of formalin test is normally caused by the direct effect of peripheral pain receptors and its efferent fibers, while the second phase is related to tonic inflammation. Several other studies have similarly reported on medications affecting the environment such as aspirin and glucocorticoids, having palliative effect on the first phase of formalin test. In this regard, another study reported aminopyrine and mefenamic acid, having peripheral and central effects and decrease pain response in both phases of formalin test. Therefore, eugenol is at least a compound material with its central useable effects which is more effective on the second phase of formalin test.\[[@ref25][@ref30][@ref31][@ref32]\] In addition, the previous studies reported that only opioid α adrenergic, but not serotonergic receptors, were involved in pain relief from eugenol.\[[@ref28]\]

There are also reports that the administration of fructose for 8 weeks can induce metabolic syndrome approved by the increase of plasma glucose, obesity, the increase of body mass index,\[[@ref33]\] the increase of insulin secretion, and the increase of fasting insulin/fasting glucose and triglyceride.\[[@ref34]\] Hence, these studies are also consistent with the results of our study. In diabetic-induced rats with streptozotocin, eugenol decreased plasma glucose and increased insulin secretion, in all of doses.\[[@ref35]\]

The studies in the field of antioxidant effects of eugenol have shown that lipid peroxidation level, the activation of Glutathione peroxidase, glutathione reeducates, SOD, Glutathione, and catalase arrived at their normal range, 15 days after eugenol administration.\[[@ref36]\] Similarly, in our study, 8 weeks after administrating eugenol, the same results are obtained. Another study reported that 90 days after eugenol administration, glutathione-transfer activity increased, suggesting that eugenol is a nontoxic component with its uses in scavenging toxic components.\[[@ref36]\] In addition, Gülçin has shown that eugenol inhibited 97% lipid peroxidation, and in accordance with this study, eugenol is a strong antioxidant having radical-scavenging activity which is consistent with our study.\[[@ref37]\]

In brief, it can be concluded that eugenol improves pain response and antioxidant activity by improving serum levels of insulin and glucose. At the same time, considering the role of metabolic syndrome in inducing oxidative stress, the role of inflammation is questionable. In this regard, further studies are needed to identify the involved inflammation mechanisms in the induction of pain.

Conclusions {#sec1-5}
===========

In the present work, the findings indicated the beneficial effects of eugenol in pain relief, improved serum glucose, insulin levels, and improved antioxidant activity. In fact, eugenol improves antioxidant activity and relieves pain by improving serum levels of insulin leading to improving glucose levels which in turn improves antioxidant activity. Further investigation is required on the beneficial effects of treatment with eugenol on oxidative stress and inflammation.
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